Abstract A symmetry-preserving truncation of the strong-interaction bound-state equations is used to calculate the spectrum of ground-state J = 1/2 + , 3/2 + (qq q )-baryons, where q, q , q ∈ {u, d, s, c, b}, their first positive-parity excitations and parity partners. Using two parameters, a description of the known spectrum of 39 such states is obtained, with a mean-absolute-relativedifference between calculation and experiment of 3.6(2.7)%. From this foundation, the framework is subsequently used to predict the masses of 90 states not yet seen empirically.
colour-singlet mesons also generates diquark correlations in the colour-antitriplet (3) channel [37] [38] [39] . Whilst the diquarks do not survive as asymptotic states, viz. they are absent from the strong interaction spectrum [26; 40] , the attraction between the quarks in the3 channel sustains a system in which two quarks are always correlated as a colour-3 pseudoparticle, and binding within the baryon is effected by the iterated exchange of roles between the bystander and diquark-participant quarks.
The quark-diquark approach to the spectrum and interactions of baryons continues to be applied broadly and recent applications include: nucleon and ∆-baryon elastic and transition form factors [41; 42] ; the proton-to-Roper-resonance transition [43; 44] , extending to a flavour separation of the associated form factors [45; 46] ; structure studies of negative-parity baryon resonances [47] [48] [49] [50] ; parton distribution amplitudes of the nucleon and Roper resonance [51] ; and the spectrum and structure of octet and decuplet baryons and their positive-parity excitations [52] . Some of these studies are reviewed in this volume [53] .
Notably, the predictions of the quark-diquark Faddeev equation framework are consistent with experiments, including those associated with modern measurements of nucleon resonance electrocouplings [54; 55] . Moreover, the use of such methods, with largely unfettered application to a wide range of static and dynamic hadron properties, is of growing importance, considering recent advances in charting the spectrum of excited nucleons using electromagnetic probes. For instance: a recent global multi-channel analysis of exclusive meson photoproduction revealed evidence for several new baryon states [56] ; and combined studies of charged double-pion photo-and electro-production data provide strong indications for another new baryon, i.e. N (1730)3/2 + [57] [58] [59] . The first treatment of the Poincaré-covariant Faddeev equation for the nucleon to eschew the quark-diquark approximation is described in Ref. [60] . Regarding the nucleon mass, it revealed that the quark-diquark picture is accurate at the level of 5%. A variety of applications ensued: nucleon electromagnetic form factors [61] ; masses of the ∆-and Ω-baryons [62] ; nucleon axial and pseudoscalar form factors [63] ; a spectrum of ground-state octet and decuplet baryons [64] and their electromagnetic form factors [65] ; masses of low-lying nucleon excited states [66] ; and electromagnetic transition form factors between ground-state octet and decuplet baryons [67] . Significant algebraic and computational effort was required to complete these studies; and the results are instructive and promising, indicating that the framework is potentially capable of drawing a traceable connection between QCD and the many baryon observables that are being made accessible by modern facilities.
This approach has also been used recently to provide Poincaré-covariant calculations of: the spectrum of J P = 3/2 + baryons, including those with heavy-quarks, and their first positive-parity excitations [68] ; and the proton's tensor charges [69] . Herein we describe an extension of the spectrum calculation to include all ground-state J P = 1/2 + , 3/2 + baryons, including systems with one or more heavy-quarks, and their first positive-parity excitations and negative-parity parters.
Section 2 reviews the Faddeev equation for baryons and introduces the leading-order truncation that enables symmetry-preserving solutions to be obtained. The associated exchange-interaction kernel is described in Sec. 3, with some aspects of the dressed-quark propagators, used to complete the Faddeev kernel, detailed in Sec. 4. Our spectrum calculation and results are described and explained in Sec. 5. Section 6 provides a summary and indicates some new directions.
Three-Body Amplitudes and Equations
We begin by sketching some features of the Poincaré-covariant Faddeev equation and its solution, using the isospin I = 1/2, J P = 1/2 + nucleon as an exemplar. The Faddeev amplitude for this system can be written as follows:
where c 1,2,3 are colour indices; α 1,2,3 , δ are spinor indices for the three valence quarks and nucleon, respectively; ι 1,2,3 , ι are analogous isospin indices; and
, where M N is the nucleon mass and p 1,2,3 are the valence-quark momenta. (Our Euclidean metric conventions are explained in Appendix B of Ref. [41] .)
With colour factorised from the amplitude in Eq. (1), then Ψ α 1 α 2 α 3 ,δ ι 1 ι 2 ι 3 ,ι (p 1 , p 2 , p 3 ; P ) describes momentum-space+spin+isospin correlations in the nucleon and must be symmetric under the in-terchange of any two valence quarks, including cyclic permutations, e.g.
The structure of this matrix-valued function is nontrivial in a Poincaré-covariant treatment. Considering isospin, there are three valence quarks in the fundamental representation of SU (2):
where p = (1, 0) represents the I z = +1/2 proton and (·)
T indicates matrix-transpose. Notably, with respect to the first two labels, D 0 relates to isospin-zero and D 1 to isospin-one; and differences between quark-quark scattering in these channels can provide the seed for formation of diquark correlations within baryons [35] . Such differences do exist, e.g. only u-d scattering possesses an attractive isospin-zero channel. (It is anticipated that continuing examination of the Faddeev equation's solutions and their dependence on the structure of the kernel will deliver an understanding of the dynamics behind the emergence of diquark correlations within baryons. Such efforts will likely benefit from the use of high-performance computing.)
Labelling the valence quarks by {i, j, k}, each taking a distinct value in {1, 2, 3}, then under i ↔ j
where E k is the associated exchange operator. In general, owing to the mixed symmetry of these irreps, F 0,1 = F 0,1 . Define in addition, therefore, a momentum-space+spinor doublet with the following transformation properties:
Consequently, the momentum-space+spinor+isospin combination
is invariant under the exchange of any two quark labels. 1 This feature is a statement of the fact that a Poincaré-covariant treatment of the nucleon does not typically admit a solution in which the momentum-space behaviour is independent of the spin-isospin structure; or, equivalently, that using a Poincaré-covariant framework, the d-quark contribution to a nucleon's form factor or kindred property is not simply proportional to the u-quark contribution.
As indicated in the Introduction, the continuum bound-state problem is naturally embedded in the DSE approach to strong-QCD. A tractable system of DSEs is only obtained once a truncation scheme is specified; and a systematic, symmetry-preserving approach is described in Refs. [25] [26] [27] . The leading-order term is the rainbow-ladder (RL) truncation. It is known to be accurate for ground-state = {1,2,3} light-quark vector-and isospin-nonzero-pseudoscalar-mesons, and related ground-state octet and decuplet baryons [29] [30] [31] [32] [33] because corrections largely cancel in these channels owing to the preservation of relevant Ward-Green-Takahashi identities [70] [71] [72] ensured by the scheme [25] [26] [27] . To obtain the nucleon amplitude in Eq. (9), we therefore consider the following RL-truncation three-body equation, depicted in Fig. 1 :
where dk represents a translationally-invariant definition of the four-dimensional integral and K SSΨ 1,2 are obtained from K SSΨ 3 by cyclic permutation of indices.
Two-Body Interaction
The key element in analyses of the continuum bound-state problem for hadrons is the quark-quark scattering kernel. In RL truncation that can be written (k = p 1 − p 1 = p 2 − p 2 ):
where
Thus, in order to define all elements in Eq. (10) and hence the bound-state problem, it remains only to specifyG . Two decades of study have yielded the following form [73; 74] 
where [68] : The development of Eqs. (11) , (12) is summarised in Ref. [73] and their connection with QCD is described in Ref. [12] .
Computations [73; 74; 76] reveal that observable properties of light-quark ground-state vector-and flavour-nonsinglet pseudoscalar-mesons are practically insensitive to variations of ω ∈ [0.4, 0.6] GeV, so long as
This feature extends to numerous properties of the nucleon and ∆-baryon [69; 77; 78] . The value of ς is typically chosen so as to reproduce the measured value of the pion's leptonic decay constant, f π ; and in RL truncation this requires ς = 0.80 GeV.
We will subsequently employ ω = 0.5 GeV, the midpoint of the domain of insensitivity.
It is also worth looking at Eq. (12) from a different perspective [12; 16; 17] . Namely, one can sketch a connection with QCD's renormalisation-group-invariant process-independent effective-charge by writing 
Comparison of these values with those predicted via a combination of continuum and lattice analyses of QCD's gauge sector [16; 17] :
, confirms an earlier observation [12] that the RL interaction defined by Eqs. (11), (12) has the right shape, but is an order-of-magnitude too large in the infrared. As explained elsewhere [24; 79; 80] , this is because Eq. (11) suppresses all effects associated with dynamical chiral symmetry breaking (DCSB) in bound-state equations except those expressed inG (k 2 ), and therefore a description of hadronic phenomena can only be achieved by overmagnifying the gaugesector interaction strength at infrared momenta.
It should also be noted that in choosing the scale in Eq. (14) so as to describe a given set of light-hadron observables in RL truncation, some effects of resonant (meson cloud) contributions to light-hadron static properties are implicitly included [81] . We capitalise on this feature herein; and return to this point below.
We subsequently also consider systems involving heavy-quarks, so it is pertinent to remark that RL truncation has also been explored in connection with heavy-light mesons and heavy-quarkonia [40; 82-87] . Those studies reveal that improvements to RL are critical in heavy-light systems; and a RL-kernel interaction strength fitted to pion properties alone is not optimal in the treatment of heavy quarkonia. Both observations are readily understood, but we focus on the latter because it is most relevant herein.
Recall, therefore, that for meson bound-states it is now possible [24; 79; 80] to employ sophisticated kernels which overcome many of the weaknesses of RL truncation. The new technique is symmetry preserving and has an additional strength, i.e. the capacity to express DCSB nonperturbatively in the integral equations connected with bound-states. Owing to this feature, the scheme is described as the "DCSB-improved" or "DB" truncation. In a realistic DB truncation, ς DB ≈ 0.6 GeV; a value which coincides with that predicted by solutions of QCD's gauge-sector gap equations [12; 14; 16; 17] . Straightforward analysis shows that corrections to RL truncation largely vanish in the heavy+heavy-quark limit; hence the aforementioned agreement entails that RL truncation should provide a sound approximation for systems involving only heavy-quarks so long as one employs ς DB as the infrared mass-scale. In heavy-quark systems we therefore employ Eqs. (11), (12) as obtained using
4 Dressed-quark Propagator
The kernel of the Faddeev equation, Eq. (10), is complete once the dressed-quark propagator is known; and to ensure a symmetry-preserving analysis in the present case, this should be computed from the following (rainbow truncation) gap equation (q ∈ {u, d, s, c, b} labels the quark flavour): [68] and experimental values drawn from Ref. [90] . All quantities listed in GeV.) using the interaction specified in connection with Eqs. (11), (12) . Following Ref. [88] , this gap equation is now readily solved, and we adapt algorithms from Ref. [89] when necessary.
All that remains to be specified are the Higgs-generated current-quark masses, m q . We work in the isospin symmetric limit, with m l := m u = m d , and find that the choices
when used to determine the gap equation solutions that feed into the Bethe-Salpeter equations, yield the results in Table 1 . 
Euclidean constituent quark masses
is the nonperturbative solution of the appropriate gap equation; and givem s /m u=d = 23. Evidently, our current-quark masses are compatible with modern estimates by other means [90] .
Bound states involving heavy quarks, Q = c, b, were analysed in Ref. [68] using RL truncation with ς Q in Eq. (17) and ω Q = 0.8 GeV, as appropriate for the heavy-quark sector [85; 87] , and current-quark masses
These masses correspond to renormalisation-group-invariant massesm c = 1.64 GeV,m b = 7.30 GeV; one-loop-evolved masses at 2 GeV of
and givem c /m s = 11,m b /m s = 50. As with the u, d, s masses, these values are compatible with other contemporary estimates [90] . 
Masses of pseudoscalar and vector mesons, and ground-state positive-parity octet and decuplet baryons calculated herein (squares, red) compared with: experiment (black bars, with decay-widths of unstable states shaded in grey); and masses computed using lQCD [96] . The sensitivity of our results to a 10% variation in our single parameter (ω in Eq. (14), with Dω = constant) is smaller than the symbol. The light-and strange-quark current masses, Eq. (19), were fitted to the pion and kaon masses. All other results are predictions.
5 Baryon Spectrum
Eq. (10) can now be solved for the nucleon mass and Poincaré-covariant bound-state amplitude, 4 using the interaction described in Sec. 3 and the dressed-quark propagator from Sec. 4. We obtain m N = 0.948
where the fluctuation ( 1%) indicates the sensitivity of this prediction to the variation ω = 0.5∓0.05. Importantly, no parameters were varied to obtain the value in Eq. (25): it follows once the scale in Eq. (13) is chosen and m l is fixed to give the empirical pion mass, Eq. (19) . The momentum-space+spin+flavour structures of the remaining members of the ground-state baryon octet are readily obtained by generalising the discussion associated with Eqs. (3) - (9) to flavour-SU (3). The
are particularly simple because, e.g. the Σ + is simply obtained from the proton by swapping d → s. In the isospin-symmetry limit, Σ 0 = (uds) I=1 introduces no complications because it is degenerate with Σ ± . The Λ 0 = (uds) I=0 , on the other hand, is different because the wave function must express I = 0; and, moreover, it is empirically 6% lighter than the Σ 0 . This splitting is readily explained by the quark-diquark picture of baryons [49; 52] , in which the Λ 0 I=0 contains more of the lighter
, viz. the wave functions of these two systems exhibit dynamically-generated differences. However, using Eq. (10) We have not yet developed our methods to the point where we can directly solve a Faddeev equation for the mixed-flavour Σ and Ξ baryons. However, so far as computing the spectrum in RL truncation is concerned, that may not be necessary. Instead, if accuracy at a level of 5% is sufficient, then one can employ the equal-spacing scheme introduced in Ref. [68] , which we now describe. Table 2 Channel-specific spectrum-constituent-quark masses computed herein and used to determine the masses of unlike-flavour baryons via equal-spacing rules. The channels are specified thus: (n, J P ), where n = 0 indicates channel ground-state and n = 1 is the first like-parity excited state. (All masses listed in GeV.) (0, Suppose one has three distinct flavours of degenerate quarks. In the isospin-symmetry limit, the nucleon described above is such a system; and we have computed its wave function and mass, Eq. (25) . The same Faddeev equation codes can be used to compute the mass of this bound-state when all three quarks possess the s-quark mass, with the result:
(08) (17) .
Now in the spirit of the equal spacing rule (ESR) [94; 95] , which RL truncation results for hadron masses and decay constants follow to a good approximation, we define the following u-and s-quark spectrum-constituent masses for the ground-state octet:
and estimate
(07) (15) .
These predictions are compared in Fig. 2 with experiment [90] and results from numerical simulations of lattice-regularised QCD (lQCD) [96] . The analogue of Eq. (10) appropriate to decuplet baryons is described in Ref. [68] ; and the procedure just described can also be applied to this case. By direct computation, with the same interaction parameter and current-quark masses specified above, one finds 
Then, defining the following spectrum-constituent masses for the ground-state decuplet:
we compute m Σ * = 2M 
Our predictions for the decuplet masses are also depicted in Fig. 2 along with experimental values [90] and results from lQCD [96] . A comparison of the values in Eq. (27) and Eq. (30) indicates that these calculated spectrumconstituent masses depend on the channel, i.e. the J P quantum numbers of the systems involved, and this difference diminishes with increasing m q . The same patterns are observed elsewhere [52; 68] , which also reveal that the ESR provides a good description of the masses of the first positive-parity excitations of these states, so long as the spectrum-constituent masses are recomputed accordingly. These observations suggest that each like-J P excitation-level deriving from a flavour-SU (N f ) baryon multiplet can be characterised by a set of N f level-specific spectrum-constituent-quark mass-scales; and the mass of each baryon in that level is well approximated by the sum of mass-scales dictated by the given baryon's valence-quark content. As we shall see below, this generalised ESR provides a reliable means of computing the mass of a baryon constituted from two or more non-degenerate flavours given those of the degenerate-flavour states, whether they are known experimentally or theoretically. All spectrum-constituent masses computed herein are listed in Table 2 . The pattern revealed in Fig. 2 is interesting. Seemingly, in order to explain the spectra of groundstate flavour-nonsinglet mesons and ground-state octet and decuplet baryons, at a level of 2.5% mean-absolute-relative-difference, it is sufficient to employ a single mass-scale in the RL kernel that is fixed to reproduce the empirical value of the pion's leptonic decay constant. This being so then, ignoring small isospin-breaking effects, these bound-states can all be understood as being composed of dynamically-dressed-quarks [14; 19-23] bound by the iterated exchange of gluons, themselves dressed and hence characterised by a running mass-scale that is large at infrared momenta [13] . 6 Naturally, RL truncation is not the complete picture: it is only the leading-order term in the systematic DSE truncation scheme described in Refs. [25] [26] [27] . As already noted, it works for the ground states considered above because corrections largely cancel in these channels owing to the preservation of relevant Ward-Green-Takahashi identities and, hence, their effects can generally be absorbed in rescaling the interaction mass-scale [81] . Consequently, as explained in connection with Eqs. (15), (16) , the interaction thus obtained, Eq. (12) with Eq. (14), is only qualitatively consistent with QCD. Nevertheless, Fig. 2 shows that the judicious use of RL truncation typically yields sound insights regarding ground-state hadrons.
Given these observations, we turn now to computing the spectrum of J = 1/2 + , 3/2 + baryon ground-states that contain one or more heavy quarks. Following the approach used above for u, d, s states, we first consider two theoretical constructs, viz. J P = 1/2 + nucleon-like states constituted from degenerate valence-quarks with c-or b-quark masses. The nucleon Faddeev equation codes can Table 4 Computed masses of J = 3/2 baryons compared with experimental values [90] , where known. (Calculations assume isospin symmetry.) States are labelled with the quark model name, drawn from Ref. [90] , valence-quark content, and Faddeev equation identifications: (n, 1/2 P ), where n = 0 indicates channel groundstate and n = 1 is the first like-parity excited state. The numerical subscript indicates the table column number. Columns labelled with an asterisk were computed as described in connection with Eqs. (34), (35) . The meanabsolute-relative-difference between our best predictions (columns 6, 9, 10) and known experimental values is 3.6(2.7)%.
Empirical [90] Herein Baryon quarks (0, be used to compute the masses of these states, with the results (in GeV):
Similarly, using the J P = 3/2 + Faddeev equation, we obtain
These four values are reproduced in Table 2 .
Combining the results in Eqs. (27) - (33) and using the ESRs described above, we obtain the masses of ground-state J = 1/2 + , 3/2 + ()-baryons, where q, q , q ∈ {u, d, s, c, b}, listed in Tables 3, 4 . In addition, the upper panels of Figs. 3, 4 compare our predictions with empirical mass values in those cases for which that is possible. The mean-absolute-relative-difference between the calculated values for the (0, 1/2 + ) ground-states and the known empirical masses is 5.2(2.8)%; for the (0, 3/2 + ) states, this difference is 2.6(1.6)%; and the combined difference is 4.2(2.7)%. To provide context, considering the meson observables in Table 1 , the agreement between RL truncation and experiment is 7.0(4.7)%. Evidently, our level-based ESR procedure for computing the baryon spectrum is no less reliable than its direct evaluation using RL truncation.
It is worth remarking that within each of the pairs Table 3 the members contain the same valence-quarks, respectively: usc, usb, ucb; and it is believed that in Nature each partner in the pair has these quarks arranged with different flavour symmetry, e.g. Ξ c has u ↔ s antisymmetry and Ξ c is symmetric under u ↔ s. Herein, however, since the RL interaction kernel is flavour-blind, our analysis yields the same mass for each member of a given such pair. On the other hand, if one employs a Faddeev kernel that expresses the appearance of diquark correlations within baryons, then flavour-symmetry is broken within the baryon wave functions and the flavourantisymmetric state is always lighter than its flavour-symmetric partner because scalar diquarks are 
Parity Partners in the Baryon Spectrum
All Poincaré-covariant studies of the hadron spectrum predict opposite-parity partners of a given ground-state; and in relativistic quantum field theory, one may generate the interpolating field for the parity partner via a chiral rotation of that associated with the original state. It follows that parity partners will be degenerate in mass and alike in structure in all theories that possess a chiral symmetry realised in the Wigner-Weyl mode. (There is evidence of this, e.g. in both continuum [97; 98] and lattice [99; 100] analyses that explore the evolution of hadron properties with temperature.) Such knowledge has long made the mass-splittings between parity partners in the strong-interaction spectrum a subject of interest.
A well-known example is that provided by the ρ(770)-and a 1 (1260)-mesons: viewed as chiral and hence parity partners, it has been argued [101] that their mass and structural differences can be attributed entirely to DCSB, viz. realisation of chiral symmetry in the Nambu-Goldstone mode. It is plausible that this profound emergent feature of the Standard Model is tightly linked with confinement [102] ; and regarding DCSB's role in explaining the splitting between parity partners, additional insights have been developed by studying the bound-state equations appropriate to the ρ-and a 1 -mesons. In their rest frames, one finds that their Poincaré-covariant wave functions are chiefly S-wave in nature [33; 80; 103-106] , even though both possess nonzero angular momentum [107; 108] , whose magnitude influences the size of the splitting [80] .
It only became possible to elucidate the impact of orbital angular momentum on hadron masses and, hence, reliably treat parity partners in the meson spectrum after techniques were developed that enable DCSB to be expressed in the Bethe-Salpeter kernel [12; 27; 79; 80; 109; 110] . Likewise, as evident in the comparison between columns 5 and 8 in Tables 3, 4 , the RL truncation is unable to explain the splittings between parity partners in the baryon spectrum. As with kindred mesons, what lacks is DCSB-enhanced repulsion involving P -wave components of the hadron wave-functions. An efficacious phenomenological remedy was proposed in Ref. [105] and has since been used elsewhere [33; 106] . Namely, the effects of DCSB-induced repulsion in the kernels of the Bethe-Salpeter and Faddeev equations for negative-parity channels should be mimicked by suppressing the strength of the exchange-interaction between light quarks. Hence, the entries in columns 10 of Tables 3, 4 were obtained by modifying the interaction as follows: if, and only if, the interaction takes place between two light quarks, then
in Eq. (14) . The interaction strength is unchanged if one or both the quarks involved is s, c, b.
The computed spectrum-constituent masses appropriate for these states are listed in the (0, 1/2 − ) * and (0, 3/2 − ) * columns of Table 2 . This procedure improves the mean-absolute-relative-difference between our computed results for the negative-parity ground-states and the associated experimental masses by a factor of five, viz. 14(9)% → 3(2)%.
In constituent-quark potential models it is usual to describe the lightest negative-parity partners of ground-state baryons as P -wave states [112] , viz. quantum mechanical systems with one unit of constituent-quark orbital angular momentum, L, coupled with the constituent-quark spin, S, to form the total angular momentum of the bound-state: J = L + S. In relativistic quantum field theory, however, L and S are not good quantum numbers. Moreover, even if they were, owing to the loss of particle number conservation, it is not clear a priori just with which degrees-of-freedom L, S should be connected. This question is related to the fact that the constituent-quarks used in building quantum mechanical models have no known mathematical connection with the degreesof-freedom featuring in QCD. Notwithstanding these issues, one typically finds [48; 50; 52; 68] , at least for the lower-lying states, some support in quantum field theory for the constituent-quark model classifications of such systems when using Faddeev equations of the type depicted in Fig. 1 , which describe baryon structure and dynamics at a typical hadronic scale in terms of dressed-quark degrees-of-freedom. Hence, there is a sense in which dressed-quarks, whose properties can be and are calculated in QCD, serve as Nature's embodiment of the constituent-quarks used so effectively in beginning to bring order to hadron physics [113; 114] .
Positive-Parity Excitations of the Ground-State Baryons
Ever since discovery of the proton's first positive-parity excitation, the Roper resonance [115] [116] [117] [118] [119] , there have been questions concerning the character of like-parity excitations of ground-state positiveparity baryons. Now, a coherent picture is emerging following [34] : (i ) the acquisition and analysis of a vast amount of high-precision nucleon-resonance electroproduction data with single-and doublepion final states on a large kinematic domain of energy and momentum-transfer; (ii ) development of a sophisticated dynamical reaction theory capable of simultaneously describing all partial waves extracted from available, reliable data; (iii ) formulation and wide-ranging application of a Poincaré covariant approach to the continuum bound state problem in relativistic quantum field theory that expresses diverse local and global impacts of DCSB in QCD; and (iv ) the refinement of constituent quark models so that they, too, qualitatively incorporate these aspects of strong QCD. In this picture such states are, at heart, radial excitations of the associated ground-state baryon, consisting of a well-defined dressed-quark core, augmented by a meson cloud.
As remarked above, in choosing the scale in Eq. (14) so as to describe a given set of light-hadron observables using RL truncation, some influences of the meson cloud are implicitly incorporated. Important features are still omitted, however; e.g. baryon resonances studied in RL truncation do not have widths, which are an essential physical consequence of meson-baryon final-state interactions (MB FSIs). The operating conjecture for RL truncation is that the impact of MB FSIs on a resonance's Breit-Wigner mass is captured by the choice of interaction scale, even though a width is not generated. This should be reasonable for states whose width is a small fraction of their mass; and in practice, as already illustrated herein and in many other studies, the conjecture appears to be correct, at least for the ground-state J = 1/2 + , 3/2 + systems. Turning to the first positive-parity (radial) excitations of hadrons, RL truncation is known to be deficient in some other ways, e.g. in the meson sector it typically produces excited states that are too light [120] and potentially ordered incorrectly [74] . Regarding Tables 3, 4 , it is evident that the masses of positive-parity excitations of ground-state light-quark baryons are also underestimated by RL truncation.
We highlighted in Sec. 5.2 that when a bound-state calculation underestimates the mass of a given state, the most obvious culprit is an interaction kernel providing too much attraction or, equivalently, too little repulsion. Therefore, following the success of the rescaling in Eq. (34) for negative-parity baryons, we checked whether a similar expedient can also be effective for the first positive-parity excitations. The results in column 9 of Tables 3, 4 were obtained with
in Eq. (14) . Again, the interaction strength is unchanged if one or both of the quarks involved is s, c, b. 7 This procedure improves the mean-absolute-relative-difference between our computed results for the radial excitations of the positive-parity ground-states and the associated experimental masses by a factor of six, viz. 9.0(2.2)% → 1.6(1.9)%. Moreover, the correction brings the masses predicted for the positive-parity excitations of the Ξ, Ξ * , Ω baryons, empirically "missing" from the octet and decuplet, into line with those inferred from the Poincaré-covariant quark-diquark Faddeev equation analysis in Ref. [52] , viz. m Ξ = 1.75 (12) , m Ξ * = 1.89(03), m Ω = 2.05(02).
Considering the flavour-diagonal systems computed directly herein, we have checked all components of the associated rest-frame-projected Poincaré-covariant wave functions and found that for any given component there is always at least one kinematic configuration for which it exhibits a single zero. There are no configurations for which any amplitude possesses more than one zero. (Ref. [68] , Sec. IV.C, provides further details.)
Drawing upon experience with quantum mechanics and studies of excited-state mesons using the Bethe-Salpeter equation [74; 120-122] , such features are indicative of a first radial excitation. Notwithstanding that, given the complexity of Poincaré-covariant wave functions for baryons, shifts in the relative strengths of various angular-momentum components are usually also found within the wave function of a baryon's like-parity excitation [48; 50; 52; 68] .
Epilogue
Using a symmetry-preserving rainbow-ladder truncation of the appropriate bound-state equations in relativistic quantum field theory, with particular emphasis on the Poincaré-covariant Faddeev equation, we described a calculation of the spectrum of ground-state J = 1/2 + , 3/2 + ()-baryons, where q, q , q ∈ {u, d, s, c, b}, their first positive-parity excitations and parity partners. Employing two parameters, one relating to the interaction strength in the parity-partner channels and the other to that in positive-parity excitations, our analysis reproduces the known spectrum of 39 such states with an accuracy of 3.6(2.7)%. Where our predictions drift from the empirical values, they are systematically below the known mass owing to deficiencies in RL truncation whose origin is understood. From this foundation, we proceeded to predict the masses of 90 states not yet seen empirically.
Our approach also yields the Poincaré-covariant wave functions for many of these states; and whilst we did not scrutinise their properties herein, it will be worth doing so in future. Existing analyses of this type have provided insights that, e.g. reveal which of those structural perspectives provided by constituent-quark potential models are qualitatively robust, and also enrich the understanding of all these systems. Furthermore, with wave functions in hand, one can also compute an array of dynamical observables, including, inter alia: electroweak couplings and form factors; and strong transition form factors. Such quantities provide connections with observables that are particularly sensitive to the internal structure of these basic yet complex strong-interaction bound-states.
Finally, so far as continuum bound-state studies are concerned, no material improvements over the analysis and results described herein can be envisaged before the general spectral function methods introduced elsewhere [123] for meson bound-state problems have been extended to baryons and/or the relevant interaction kernels are improved, to incorporate nonperturbative effects of dynamical chiral symmetry breaking and express measurable effects of resonant contributions. Such efforts are likely to benefit from the use of high-performance computing.
